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Summary
The Escherichia coli ribosomal protein L7/L12 is central to the translocation step of translation
and it is known to be flexible under some conditions. Assignment of electron density to L7/L12 was not possible in the recent 2.4 Å resolution x-ray crystallographic structure (Ban, N., Nissen, P., Hansen, J., Moore (2, 3) .
Cryo-electron microscopy adds new dimensions to these investigations while confirming the basic observations of the earlier work; it allows description of a native particle, frozen in vitreous ice and undistorted by drying and staining, and it permits visualization of the interior of the particle rather than simply its stained or shadowed surfaces. Cryo-EM reconstructions of the ribosome have been generated through independent investigations in two different laboratories. This work has resulted in the attainment of greater resolution in
the description of the overall structure of the ribosome (4, 5) , and also has allowed structural studies of ribosomes complexed with tRNAs and protein factors (6) (7) (8) . More recently,
cryo-EM data have aided in the determination of phases for crystal structures of the 30S
subunit (9) , the 50S subunit (10) and the 70S ribosome (11) . Crystal structures of the 30S (12, 13) and 50S (14) subunits have been solved at 3.0-3.3 and 2.4 Å respectively, and a
Å structure of a 70S functional complex has been reported (11).
Electron density for protein L7/L12 was not apparent even in the recent 2.4 Å resolution 50S ribosome structure (14) (19, 21, 22 (25) and tight couples prepared (26) as described.
Treatment of 70S ribosomes with 0.5 M NH 4 Cl and 50% ethanol at 0°C dissociated protein L7/L12 and generated cores that were isolated by sedimentation (27) .
Recombinant wild type and Cys-89 L7/L12 were prepared as previously described (28 
Cryo-electron microscopy
Ribosome samples were prepared for cryo-electron microscopy according to published procedures (33, 34 (4, 42) .
Differences are also observed below the L1 region, where protein L9 has been localized by immune electron microscopy (43). The structure of protein L9 has been determined by a combined use of x-ray crystallography and nuclear magnetic resonance (NMR) (44).
Matadeen et al. (4) have fit the atomic structure of L9 within their cryo-EM reconstruction of the 50S subunit and they propose a shift of ~50Å for this protein in the intact ribosome.
We also note conformational changes in the region of the 30S head and neck, which are not surprising since Agrawal et al. (42) have found that the 30S neck is one of the most flexible regions of the ribosome. The 30S head appears to be held closer to the central
protuberance of the 50S subunit in the reconstituted ribosome structure. Figure 5B-E) . Figure 7 . 
Our position for the N-terminal region of L7/L12 found by difference mapping (Figure 3) is compatible with the extensive literature that localizes the protein to this region of the ribosome (17). Specifically we find L7/L12 next to the inferred location of L11. The crystal structure of an L11-RNA complex (45) was positioned into the 5 Å resolution crystallographic density map of the Haloarcula marismortui 50S subunit (46). The crystal structure of the L11-RNA complex (45) was also fit in the 11.5 Å resolution cryo-EM density map of the E. coli 70S ribosome (5). Since it is easier to compare two cryo-EM structures, we include our difference map in one orientation (Figure 3B) matching that of a figure in Gabashvili et al. (5). In this view, the elongated density assigned to L11 is observed to fold over the L7/L12 difference density. Our finding of neighboring locations for L7/L12 and L11 is consistent with previous cross-linking experiments that show both the N-and C-terminal domains of L7/L12 are adjacent to L11 (17).
Localization of L7/L12 by Nanogold labeling
The largest density attributed to Nanogold (labeled I) localizes on the 30S subunit head on the side facing the 50S subunit. The second largest density (labeled II) is elongated and is situated on the body of the 50S subunit below the (red) protein density.
Additional Nanogold density is present just below the 50S central protuberance on the side of the L1 shoulder where it is present as two small masses (labeled III), and high on the body of the 30S (labeled IV). Our interpretation of these observations with respect to the location of protein L7/L12 is summarized in the models presented in
In all panels of Figure 7 one L7/L12 dimer is shown in a conformation in which the hinge bends and contracts to bring the C-terminal domains onto the 50S body, adjacent to the N-terminal domains. The hinge of this dimer could be in a rigid arrangement and may
account for the narrow tail of difference density that extends toward Nanogold site II ( Figure   6 ). We postulate that this conformation corresponds to the high affinity site first described by Zantema et al. (47) ; the domain placement is consistent with localizations by immune electron microscopy (41) and with the cross-linking (e.g. to proteins L10 and L11; (22) ) and energy transfer studies with native and mutant proteins (21) . Figure 7A- Figure 7A , is compatible with the cross-linking to 30S subunit proteins S7 and S14, which is enhanced by elongation factor Tu (22) . Figure 7B shows the C-terminal domains located below the central protuberance, in proximity to the peptidyl transferase center, and at a location compatible with the observed cross-links to the 50S subunit proteins L2 and L5 (22, 48, 49) . Finally, Figure 7C shows (52) .
Conformational changes upon subunit association and binding of factors have been
reported for cryo-EM (4, 6, 8, 42, 53, 54 ) and x-ray (11, 46, 55) structures. In addition conformational changes associated with tRNA (6, 7, 56) and mRNA binding (57) and translocation (53) 
L7/L12 dimer corresponding to the Nanogold label sites I (A), III (B) and IV (C).
The ribosome is oriented with the 30S on the left and the 50S on the right.
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